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MODULAR AUTOMATION APPARATUS 

Field of the Invention 
[0001] The present invention relates generally to industrial automation equipment 
and, more particularly, to a modular automation apparatus for performing automated 
manufacturing-related processes. 

Background of the Invention 
[0002] Industrial automation equipment used in manufacturing is known in the 
art. Traditionally, product assembly and verification processes have been preformed 
by custom designed automation equipment dedicated to a particular automation 
function or task. In accordance with this approach, the manufacture of traditional 
automation equipment involved the design and construction of a single machine 
having its own controls, sensors and automation devices in one unit. A drawback of 
this approach is that once these machines are constructed, they are highly specialized 
for a particular automation fimction rendering them unusable for different automation 
functions without extensive reconstruction or overhaul. Moreover, once a traditional 
automation machine reached the end of its production cycle, the entire machine would 
typically be scrapped including the expensive controls and sensors. 

Summary of the Invention 
[0003] The present invention overcomes the shortcomings of traditional 
automation equipment by providing a modular automation apparatus comprising a 
base unit that includes automation controls and a separate automation module that 
includes at least one automation device. In accordance with a preferred embodiment 
of the present invention, the automation module includes a frame having a platform 
upon which the automation device is disposed for performing one or more specific 
automation functions. The automation module preferably also includes at least one 
selectively programmable memory device for storing automation specific logic rules 
and/or data used to control the specific automation functions. The base unit includes 
a fi^e that preferably includes a contirol cabinet that houses at least one control 
device. In a preferred embodiment, the control cabinet includes at least two control 
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devices comprising a programmable logic controller (PLC) for executing the logic 
rules stored in the memory device and at least one power supply capable of powering 
the base unit and/or the automation module. Preferably, an electrical conduit is 
provided between the base unit and the automation module to allow for power 
distribution and communication. Generally, upon connection of the electrical conduit 
to the automation module, the memory device downloads the stored logic rules into 
the PLC for execution. When a base unit and an automation module are cooperatively 
assembled, the combination is capable of performing one or more automation 
Amotions specific to the automation module selected. 

[0004] Among other advantages, the present invention helps eliminate the 
unnecessary scrapping of expensive control devices at the end of a production run. 
Another advantage is that one base unit can run a theoretically unlimited number of 
automation modules, thereby reducing the amount of floor space used in a 
manufacturing facility. The inventive automation apparatus allows a user to 
advantageously reduce downtime for system debugging or failure isolation by 
removing an automation module and testing it on a separate and often substantially 
identical or similar base xmit. The present invention allows for shorter 
production/delivery times since only an automation module needs to be manufactured 
if a base unit is already in operation, 

[0005] Various additional aspects and advantages of this invention will become 
apparent to those skilled in the art from the following detailed description of the 
preferred embodiment, when read in light of the accompanying drawings. 

Brief Description of the Drawings 
[0006] The features and inventive aspects of the present invention will become 
more apparent upon readmg the following detailed description, claims, and drawings, 
of which the following is a brief description: 

[0007] Fig. 1 is a perspective view of a modular automation apparatus according 
to a preferred embodiment of the present invention. 

[0008] Fig. 2 is a perspective view of an automation module according to a 
preferred embodiment. 
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[0009] Fig. 3 is an interior view of a cabinet located on the automation module of 
Fig. 2. 

[0010] Fig. 4 is a perspective view of a base unit according to a preferred 
embodiment. 

[001 1] Fig. 5 is an interior view of a control cabinet located on the base unit of 
Fig. 4. 

[0012] Fig. 6 is a perspective view of a base unit and automation module 

according to an illustrative embodiment of the present invention. 

[0013] Fig. 7 is a block diagram showing an example of the flow of control 

signals associated with the control of the automation module of Fig. 6. 

[0014] Fig. 8 is a flow chart of the operation steps corresponding to the block 

diagram of Fig. 7. 

[0015] Fig. 9 is a perspective view of a storage rack according to a preferred 
embodiment of the present invention. 



Description of the Preferred Embodiivient 
[0016] Referring now to the drawings, the preferred embodiments of the present 
invention are described in detail. The term "automation" as used herein shall refer to 
the controlled operation of an apparatus, process, or system by mechanical and/or 
electronic devices that supplement or take the place of human observation, effort, and 
decision. 

[0017] Referring to Fig. 1 of the drawings, a preferred embodiment of the present 
invention is shown that includes a base unit 10 and an automation module 12 that are 
conveniently and cooperatively assembled into a imitary automation apparatus 14. 
Typically, given the potentially large size and weight of the mating components 10 
and 12, it is desirable that the automation modules be readily and conveniently 
assembled and disassembled from base unit 10. hi an embodiment of the present 
invention, base unit 10 and automation module 12 M:e conveniently assembled into a 
unitary automation apparatus by sliding or otherwise "inserting" a selected 
automation module 12 (e.g., laterally and/or vertically) into base imit 10 or 
substantially thereon. The combination of base unit 10 and automation module 12 
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provide the aiser with the selective ability to perform one or more predetermined 
automation functions involving, inter alia, the assembly, manufacture and/or 
verification of a manufactured product. It will be appreciated that a single base unit 
10 may be configured to control an unlimited number of automation modules 12, each 
automation module 12 capable of being configured to perform one or more 
automation functions. Advantageously, the multi-piece structure of automation 
apparatus 14 allows automation module 12 to be separately or independently scrapped 
at the end of its operating life, thereby potentially resulting in significant cost savings 
for the owner. 

[0018] Referring to Fig. 2 of the drawings, a preferred embodiment of automation 
module 12 is illustrated. Automation module 12 generally comprises a fi-ame 16 
having a platform 18 upon which the customized automation portion of automation 
module 12 is disposed. The platform 18 is preferably raised for convenience, but it is 
not required to be. The customized automation portion generally includes at least one 
automation device 20 that is configured to perform a predetermined automation 
function in association with and/or under the control of base unit 10. It may be 
appreciated by those skilled in the art of industrial automation equipment that the 
customized automation portion of automation module 12 may comprise an unlimited 
number of configurations, each configuration designed to perform one or more 
automation functions. Exemplary automation fimctions include, but are not limited 
to, machining, packaging, material handling, automated assembly and product 
verification. 

[0019] Frame 16 is preferably rigid and constructed of joined tubular members 22 
comprising a metal, such as steel. In a preferred embodiment, tubular members 22 are 
joined such that a rectangular cage is formed both above and below a raised platform 
18. Depending on the weight of the automation device(s) 20 disposed on platform 18, 
platform 18 may include additional tubular cross-members 26. Although not a 
requirement, each automation module 12 is preferably built to the same or similar 
physical dimensions permitting the automation modules 12 to fit into a common (or if 
desired, "standardized"base unit 10. Additionally, automation module 12 preferably 
includes at least two formations or receptacles 28 fixedly secured to fi-ame 16. The 
formations 28, such as tubular receptacles, may be configured to readily accept the 
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forks of a typical forklifl or other mechanical apparatus to conveniently move 
automation module 12 about a manufacturing facility. 

[0020] Automation module 12 preferably further includes a cabinet 30 that houses 
the various electrical components that reside on automation module 12. Cabinet 30 
may be comprised of a sheet metal enclosure that can be accessed through an 
outward-opening door 31. While an exemplary size and location of cabinet 30 is 
illustrated in Fig. 2 of the drawings, it is recognized that cabinet 30 may be of any 
suitable size and reside in any suitable location on or about an automation module 12, 
including underneath platform 18. 

[0021] Referring to Fig. 3 of the drawings, the preferred embodiment of an 
interior of cabinet 30 is shown in more detail. Preferably, cabinet 30 houses at least 
one selectively programmable memory device 32 that provides a means of storing 
control information, such as, for example, automation specific logic rules for 
controlling the automation fimctions of automation module 12 and/or data used in the 
execution of the logic rules. The logic rules programmed into memory device 32 are 
preferably in the form of an industrial control program, such as a ladder logic 
program, for use by base unit 10 to generate electronic control signals to operate a 
docked automation module 12. In a preferred embodiment, memory device 32 
comprises an electrically erasable programmable read only memory (EEPROM) chip. 
However, those skilled in the art will appreciate that other programmable memory 
devices, such as an EPROM chip or other flash memory device, may also be 
employed. As illustrated in Fig. 3, cabinet 30 may further include additional 
electronic equipment, such as a remote input/output (I/O) device 33, as will be 
described in further detail below. 

[0022] Referring to Figs. 4A and 4B of the drawings, a preferred embodiment of 
base imit 10 is shown. Base unit 10 generally comprises a frame 34 defining a 
docking bay 36 (Fig. 4B) for receiving automation module 12. Frame 34 is preferably 
rigid and constructed of joined tubular members 38 comprising a metal, such as steel. 
In a preferred embodiment, tubular members 38 are joined such that a rectangular- 
shaped platform 40 is created that is supported by a pluraUty of legs 42 jgxed 
proximate the comers of platform 40. Platform 40 preferably includes one or more 
cross-members 44 to provide additional support for the weight of automation module 
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12. If desired, base unit 10 may further include one or more formations (such as 
tubular receptacles) 46 fixedly secured beneath platform 40. The formations 46 can be 
configured to readily accept the forks of a typical forkUfl apparatus or other 
mechanical device to conveniently move base unit 10 about a manufacturing facility. 
Frame 34 may also be configured to house fluid power lines (not illustrated), such as 
hydraulic or pneumatic lines, for providing fluid power to automation device(s) 20 
located on automation module 12, 

[0023] Referring to Fig. 4A of the drawings, a safety device and/or means for 
attaching a safety device can readily be incorporated into the structure of the frame 34 
for use in connection with the present invention. By way of example, and without 
limitation, two or more legs 42 may extend upwardly beyond platform 40 to provide a 
means of supporting at least one safety device 48. In a preferred embodiment, an "L" 
shaped support fi-ame 50 can be attached to each leg 42 that extends beyond platform 
40 as a means of securing components of safety device 48 to fi-ame 34. Moreover, if 
desired, one or more diagonally placed cross-members 56 may be affixed to fi-ame 34 
to provide support for safety device 48 and to prevent lateral movement of automation 
module 12 while docked with base unit 10. 

[0024] Although nimierous types of safety devices may be used in connection 
with the present invention, in a preferred embodiment, safety device 48 comprises a 
two-piece light curtain sensor having a light beam emitter 52, that transmits a plurality 
of light beams, and a laterally separated receiver 54. Safety device 48 is configured to 
terminate operation of automation module 12 when a user reaches into automation 
module 12 and interrupts the plurality of light beams during a predetermined event. A 
"predetermined event", as referred to in this disclosure, may include any function 
performed by automation module 12 that could result in injury to a user or to the 
automation apparatus 14. Moreover, other or additional safety devices, such as 
conventional anti-tie down devices or electronic stop devices, may be employed in 
place of or in conjunction with safety device 48 to prevent operation of automation 
apparatus 14 during a predeteraiined event. 

[0025] Referring still to Fig. 4A of the drawings, base unit 1 0 preferably includes 
a control cabinet 58 for housing electrical power distribution and/or control devices 
used in connection with automation apparatus 14. The term "control device", as 
-6- 

Express Mail Label No. EL 781 398 690 US 



65890-0002 



PATENT 



referred to in this disclosure, includes an electrical or electromechanical device 
employed by base unit 10 to control operation of automation apparatus 14. In a 
preferred embodiment, the control devices located in control cabinet 58 comprise at 
least one programmable logic controller (PLC) 62, at least one electrical power supply 
64, electrical terminal strips 66 for making electrical control and power distribution 
connections with an automation module 12 and cycle initiation controls 68. Control 
cabinet 58 may include additional control devices to accommodate additional features 
present on base unit 10 and/or automation module 12. These additional control 
devices typically include, but are not limited to, controller(s) for automation device(s) 
20, safety devices, relays for the safety devices and other devices used to control 
operation of the customized portion of automation module 12. Additional control 
devices may be employed when PLC 62 is not solely capable of controlling a specific 
automation device 20 or function as desired. For example, if automation device 20 
comprises a welding device, a transformer may be provided in control cabinet 58 to 
assist power supply 64 in providing the specific type or level of electric power need to 
operate the welding device. 

[0026] In a preferred embodiment, control cabinet 58 comprises a sheet metal 
enclosure that can be accessed through an outward-opening door 60. Referring to Fig. 
5 of the drawings, the interior of control cabinet 58 is shown in more detail. PLC 62 
may be of a conventional type that typically includes a power supply 74, a logic 
processor module 76 and at least one I/O module 78, or any other type of 
programmable logic controller known in the art. PLC 62 executes control instructions 
in the form of an industrial control program resident in the memory of logic processor 
module 76 to examine the state of selected inputs and thereafter control the state of 
selected ou^uts depending on tiie state of one or more inputs. In a preferred 
embodiment, PLC 62 is capable of examining large nimibers of inputs while at the 
same time controlling a large number of outputs. Alternatively, cabinet 30 in 
automation module 12 may house a remote I/O rack 33, allowing the input and output 
functions related to the control program of PLC 62 to be resident in automation 
module 12. 

[0027] The wiring by which PLC 62 is connected to automation module 1 2, and 
more particularly to automation device(s) 20, is generally directed through a casing 80 
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in which a plurality of terminal strips are mounted for establishing the required 
electrical interconnections. Communication lines 84a and 84b connect 
communication ports on PLC 62 to a user interface 86 and memory device 32, 
respectively, via conventional network communication links. When included, an 
additional control element 88, such as an automation device controller, and remote 
I/O rack 33 are connected to PLC 62 via communication lines 84c and 84d, 
respectively. Power for the electrical components of base unit 10 and automation 
module 12 is distributed from power supply 64 via casing 89. The various power and 
communication lines pass through casings 80 and 89 into an electrical conduit 90 that 
houses the wiring by which the control cabinet 58 (control elements) is electronically 
connected to automation module 12. 

[0028] In a preferred embodiment, electrical conduit 90 comprises a flexible tube 
that is connected on one end to control cabinet 58 and on an opposite end to a 
conventional female electrical connector 92 that is configured to mate with a male 
connector 94 located on cabinet 30, as shown in Fig. 3. Alternatively, the 
communication lines 84a, 84b and 84d maybe provided in an electrical conduit 
separate from the power distribution lines to prevent interference in the 
communication signals. Further, if desired, communication between base unit 10 and 
automation unit 12 may be made via wireless technology, such as, for example, with a 
radio transmitter and receiver or by using other conventional forms of "wireless" 
commimication technologies. 

[0029] Generally, in a preferred embodiment, upon receipt of automation module 
12 into docking bay 36 of base unit 10, a user physically connects electrical conduit 
90 to the docked automation module 12 to enable communication md power 
distribution between base unit 10 and the docked automation module 12. Preferably, 
the logic rules present in memory device 32 are automatically downloaded into PLC 
62 for execution, upon connection of electrical conduit 90. Alternatively, PLC 62 
may include a means of storing downloaded logic rules in non-volatile memory and 
the corresponding operating software needed to determine whether a particular 
automation module 12 has previously been docked. In this manner, when the 
operating software in PLC 62 detects the connection of an automation module 12 to 
base unit 10, the base unit 10 can poll the automation module 12 to determine the 
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identity of the automation module 12 and automatically utilize stored operating 
instructions if it is determined that the automation module 12 has been previously 
docked. If the polled automation module 12 has not previously been docked, the new 
operating instructions may be downloaded into non- volatile memory in base unit 10. 
[0030] Referring again to Fig. 2 of the drawings, automation module 12 may 
further include a user interface 86 mounted to frame 16. User interface 86 is 
preferably configured to prompt a user with respect to the performance of 
predetermined operation steps and may, but not necessarily, accept user input 
responsive to prompting by PLC 62. hi a preferred embodiment, user interface 86 
comprises a touch sensitive display that is configured to receive and transmit control 
signals to and from PLC 62. The touch sensitive display is preferably configured to 
graphically display operating information, such as equipment fault notices, in 
response to signals from PLC 62. 

[0031] While user interface 86 preferably comprises a touch sensitive display, it 
may be appreciated by those skilled in the art that other graphical display and input 
devices may be utilized, such as a CRT and keyboard for example. Further, if 
desired, voice recognition software can be employed alone or m combination with 
visual displays. Li addition to the user control features described, user interface 86 
and/or control cabinet 58 may include a set of power control pushbuttons 96 for 
manually tummg automation apparatus 14 on and off. 

[0032] The present invention advantageously permits a great deal of flexibility in 
accomplishing an unlimited number of automation tasks using a limited number of 
control devices. In operation, one base unit 10 may operate an imlunited number of 
automation modules 12 each configured to perform at least one automation function 
in accordance with the downloaded programs executed by the PLC 62. As described 
above, exemplary automation functions include, but are not limited to, machining, 
packaging, material handling, automated assembly and product verification. While 
operation of the base unit 10 will be described with reference to an automation 
module 12 containing a vision system for product verification, the illustrative 
automation fimction is not intended to be so limited. It may be appreciated by those 
skilled in the art that other automation modules, having different automation devices 
and/or functions, may be used in connection with a base unit 10. 
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[0033] In a fiirther illustrative example of the operation of automation apparatus 
14 according to the present invention, a user configurable vision system for the 
inspection of process materials, such as sheet metals, textiles, paper, and plastics, or 
manufactured products such as microprocessors may be included with automation 
module 12. Vision systems are known in the art and typically provide verification 
capability to determine if particular characteristics of an article conform to 
predetermined acceptable characteristics preprogrammed into the vision system. 
[0034} Referring to Figs. 3, 5 and 6 of the drawings, an illustrative embodiment of 
automation apparatus 14 is shown in more detail. As illustrated in Fig. 3, cabinet 30 
in automation module 12 preferably houses a conventional remote I/O rack 33 
comprising a power supply module 100, at least one I/O module 102 and a 
communications module 104. The communications module 104 l inks the remote J/O 
rack 33 to PLC 62 in control cabinet 58 by way of communications cable 84d. As 
illustrated in Fig. 5, control cabinet 58 in base unit 10 may house a vision control unit 
88 comprising a user-configurable vision control unit that is adapted to receive video 
input from one or more camera (or other vision-related capturing device) 108 (Fig. 6), 
which may be located on a raised deck 18. The vision contix)l unit 88 generally 
includes a power supply module 1 10 and at least one vision control module 1 12 
having the capabiUty of fimctioning with multiple operas 108. The vision control 
module 1 12 can be separately connected by video communication cable 1 14 to video 
camera 108 located on raised deck 18. The vision control module 1 12 can operate 
under the direction of PLC 62 and communicate with PLC 62 via communications 
cable 84c. Alternatively, vision control unit 88 may be located in cabinet 30 on 
automation module 12 and may communicate with PLC 62 via the remote I/O rack 
33. 

[0035J As illustrated in Fig. 3, the wiring by which remote I/O rack 33 and vision 
control unit 64 communicate with automation device(s) (e.g. video camera 108) is 
generally directed through a casing 118 within which a plurality of terminal strips are 
mounted for estabHshing electiical interconnections. The power and communications 
hues for memory device 32 and remote I/O rack 33 can pass through a casing 120 into 
electrical conduit 90 for communication with control cabinet 58. 
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[0036] Referring to Fig. 6 of the drawings, an automation module 12 containing a 
vision system is shown docked with base unit 10. Preferably, upon connection of 
electrical conduit 90, memory module 32 automatically downloads the 
preprogrammed logic rules and/or data into logic processor module 76 in PLC 62. 
PLC 62 is typically responsible for the overall coordination and control of automation 
apparatus 14 including camera 108 and user interface 86. Other automation devices, 
such as a loading/unloading mechanism 122, may also be included on platform 1 8 to 
assist in handling an article 121 to be inspected. Such automation devices may be 
controlled by PLC 62 via remote I/O rack 33 in the absence of a specific device 
controller. A typical vision system, such as the one described herein, is designed such 
that vision control unit 88 receives input from camera 108 and in response performs 
various recognition functions with respect to which it transfers data to PLC 62. After 
inspection of article 121, PLC 62 may perform a predetermined control function, such 
as instructing loading/unloading mechanism 122 to discard article 121. 
[0037] A preferred example of the flow of control signals associated with the 
control of an automation module 12 containing the above described vision system is 
shown in Fig. 7 and may take place in a series of sequential steps as shown in Fig. 8. 
In step 200, PLC 62 provides a control signal to automatic loading/unloading 
mechanism 122 (or to a user via user interface 86) instructing mechanism 122 to load 
an article 121 into a holding jig 124. In response, the automated loading mechanism 
122 (or user) places article 121 into jig 124, step 202, so that camera 108 may take a 
picture of article 121. As indicated in step 204, vision control unit 106 provides a 
control signal to camera 108 instructing camera 108 to take a picture of the loaded 
article 121. After the picture is taken and the attributes of the image are analyzed by 
vision control unit 88 per the preprogrammed characteristics, vision control unit 88 
transmits a "Go" or "No Go" signal to PLC 62 indicating whether or not the inspected 
article 121 was deemed conforming, as shown in step 206. In steps 208 and 210, PLC 
62 responds to the "Go" or "No Go" signal from vision control unit 88 by sending a 
control signal to mechanism 122 (or user interface 86) instructing mechanism 122 to 
either dispose of a non-conforming article 121 or to forward a conforming article 121 
to shipping. 
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[0038] Referring to Fig. 9 of the drawings, a storage rack 300 may be provided for 
storing undocked automation modules 12. Rack 300 generally includes a frame 302 
that is preferably rigid and constructed of joined tubular members 304 comprising a 
metal, such as steel. In a preferred embodiment, tubular members 304 are joined such 
that a plurality of bays 306 are created, each bay 306 sized to receive an individual 
automation module 12. Bays 306 may be arranged one bay deep, as illustrated in Fig. 
9, or may be arranged two deep allowing undocked automation modules 12 to be 
inserted into bays 306 on either side of rack 300. It may also be appreciated that rack 
300 may be configured to include any number of bays 306 in both height and length 
depending on the requirements of the manufacturing facility. 
[0039] Although certain preferred embodiments of the present invention have 
been described, the invention is not limited to the illustrations described and shown 
herein, which are deemed to be merely illustrative of the best modes of carrying out 
the invention. A person of ordinary skill in the art will reahze that certain 
modifications and variations will come within the teachings of this invention and that 
such variations and modifications are within its spirit and the scope as defined by the 
claims. 



-12- 

Ejqjress Mail Label No. EL 781 398 690 US 



